The calculation of chloride transport coefficient into a concrete structure could be obtained from several techniques by conventional or accelerated diffusion tests in steady state conditions. In this paper an experimental series of tests was conducted on mortar samples by the traditional diffusion test in steady state conditions. The variation of concentration gradient is obtained by modifying the thickness of the samples and the chloride concentration in the upstream cell. At the end of the test, the effective chloride diffusion coefficient is determined for each sample. An other series of experiments consisted to test the same samples in an accelerated diffusion cell apparatus. This steady state method using an electrical field should accelerate the process of chloride penetration and then reduce the test duration.
I Introduction
The calculation of free chloride penetration is of major importance in predicting the service life of reinforced concrete structures.
The distribution of chloride penetration is generally calculated from the solution to Fick's second law, equation (l) , assuming a constant diffusion coefficient D and a semiinfinite medium, equation (2): where c : the chloride concentration; cl= c(,=o,t) : the concentration of the exposed face and equal to a constant; t : the time of exposure; erf : the error function.
The diffusion coefficient is determined from an immersion test: D corresponds to equation (2) that best fits the penetration profile after a certain time of exposure "t".
To apply equation (2) for the calculation of D from an immersion test or for the prediction of the chloride penetration in a concrete structure it is important to define what is the concentration about [l] .
Practically, these relations are not clear enough because chloride ions interact with hydrates in the cement-based materials. Consequently it is important to indicate the concentration which has to be considered: concentration of free ions, bound ions of total concentration.
Further more the diffusion coefficient in Fick's second law, i.e. for a non-steady state flow, depends on the interactions between concrete and chloride ions.
Chloride binding capacity is often represented by means of a chloride binding isotherm where the amount of bound chlorides (Cb) or total chlorides (Ctot=Cb+C~) is presented as a fonction of free chloride concentration (CF). The binding capacity is the slope of the chloride binding isotherm, equation (3):
In fact, the apparent diffusion coefficient, which takes into account chloride binding, is not a constant because the binding isotherm is not linear [l] . The diffusion coefficient in Fick's second law may be written as follows:
where D F~ : the diffusion coefficient of the Fick's first law;
p : the open porosity containing a liquid; Cb, CF: the concentrations of the bound chloride and free chloride;
: the binding capacity
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If -is assumed to be a constant, DF2 is a constant but a lot of data indicate that the ac, chloride binding isotherm is non-linear, so the chloride binding capacity and are far from being a constant. This question has been clarified in literature [l] , [2] .
D F~ is often reffered as the effective diffusion coefficient De. The value of De is usually determined in a diffusion cell experiment with a constant concentration gradient by measuring the steady-state flow. D F~ is termed the apparent diffusion coefficient [3] , [4] , and as we said before, if. binding isotherm is not linear , this apparent diffusion coefficient won't be a constant value and the assumptions based on the penetration tests are not valid.
Another method to predict the chloride penetration consists in measuring the effective diffusion coefficient and determining the binding isotherm. Then the free chloride profiles into concrete can be simulated by numerical resolution of Fick's second Law.
Unfortunately, the measurement of the effective diffusion coefficient is time consuming for concrete specimens because a representative thickness is needed.
The binding isotherm can be experimentaly determined [5] but the data are obtained on crushed specimens and the results are questionnable because the real microstructure of concrete (microcracks) is not considered and this may influence the binding capacity. A method allowing the determination of the binding isotherm on bulk specimens of mortars has been recently presented [6] .
In order to reduce the duration of the conventional diffusion test and to consider the initial structure of the sample this paper presents the first stage of an attempt to determine the effective diffusion coefficient and the binding isotherm fiom an accelerated tests conducted on concrete specimens. Accelerated test give us information about a certain the migration coefficient and we should establish the relationship between the diffusion and migration coefficients, than in the first part of this research, the effective diffusion coefficient measured on the same sample with a classical diffusion test are compared to those obtained with a migration test. The influence of the chloride concentration is highlighted.
In the second part, we present a method for the determination of binding isotherms on bulk specimens.
Research program
For the purpose of comparing the two methods, the effective diffusion coefficient has been measured both by means of classical and accelerated tests. To avoid the deviation due to the heterogeneity of the samples the two measurements have been successively conducted on the same sample and mortar has been used in order to shorten the pure diffusion experiment.
For studying the influence of the chloride concentration on D F~ =De, a same sample of motar has been tested in an accelerated test under several concentration gradients.
Conventional diffusion test
The effective diffusion coefficient has been measured by means of the conventional setup presented in figure 1.
[KOH] = at t = 0; CF = CO for X 5 0 and CF = 0 for X > 0; att>O;CF=Co for x l O a n d C~= O for x l L . and NaOH + KOH. The downstream cell (cell 2) contains a NaOH + KOH solution.
NaOH and KOH are used to simulate the bulk solution of the cement-based material. The diffusion coefficient has been evaluated from Fick's first law and represented by the following equation:
Where J is the flux of free chloride ions; De : the effective diffusion coefficient; dcF/dx : the concentration gradient.
The downstream cell was regularly changed to maintain the last boundary condition (figure 1) and the chloride concentration in the renewed solution was measured by a potentiometric method.
Accelerated diffusion test
Recently Where M : migration coefficient under steady state conditions; CF : the initial concentration solution; z : the valence of chloride ion; F : the Faraday constant R : the gas constant; T : the temperature; E :U/L where U is the potential and L is the sample thickness.
In this test the downstream cell is still regularly changed and the flux of ions is calculated from the cumulated concentrations in this downstream cell.
In our experiment we neglect the diffusion part, that is the first term of equation (6) because the diffision effect is negligible as compared to the migration effect [8] . The migration coefficient M is then given by the following simplified equation:
Materials and mixture proportions
The cement used for the fabrication of mortar specimens is an OPC (CPA-CEM I 42,5 
Preparation of samples
Mortar cylinders approximately 220 mm long by 110 mm in diameter were cast following French specification NF P 1 8.404.
The cylinders were wet cured for 24 hours in a moist controlled room at 20°C before being removed from their mold, and were maintained in lime satured water for 3 months.
Experimental program
The conventional and the accelerated diffusion tests were first conducted using the same mortar for specimens of various thicknesses.
The mortar cylinders were sliced in different thicknesses; 10, 15, 20 and 25 mm, and first tested in a conventionnal diffusion set up with different concentrations of chloride ions in the upstream cell; 1, 5, 10 and 20glL. Each sample was tested over a period of approximately twelve months, and diffusion coefficients were measured. The next step was to test the same samples using the accelerated test apparatus with the same concentrations of chloride ions in the upstream cell.
In addition, a 10 mm sample was tested in the accelerated apparatus for different concentrations; 1, 5, 10,20 and 40 g/L.
Results
The results are summarized in table 3 and 4. These results show that the migration coefficients are systematically greater than the diffusion coefficients for the same specimens : a factor difference of about 1.6 to 2.2 is noted between the two coefficients. But the fact remains that the problem of determination of the effective diffusion coefficient by means of migration test still exists. The thickness of the samples has no significant effect on diffusion coefficient "D" or on migration coefficient "M" (Fig 5) but these coefficients decrease slightly when the chloride concentration increases. In the migration test, the profile of free chloride concentration into the concrete sample in the steady-state flow can be describe by the solution of the Nernst-Planck equation (6) . With boundary conditions listed on figure 1, the equation of the profile is: 
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Profile ( l ) given in the figure 6 corresponds to the experimental conditions of the accelerated test described in this paper but, for an DC potential of 2 volts.
Profile (2) in the same figure corresponds to an experiment leaded with a very low applied potential (U=O,Svolt).
Profile (2) 0 Profile ( 1 ) It can be noted that the free chloride concentration is approximatly a constant through the whole thickness of the disk when the applied potential is at least 2 volts. It is then possible to measure the total chloride concentration by a classical chemical analysis and the concentration of the bound chloride can be deduced from the open porosity of the concrete.
To determine the binding isotherm, this experiment has to be performed for different upstream chloride concentrations (CO=CF).
Discussion and conclusions
As expected the thickness of sample has no direct effect on diffusion and migration process except for the time for ions to pass through the sample and establish a regular flow. A increase in chloride concetration in the upstream solution results in a decrease of diffusion coefficient. This can by explained by the fact that an increase in ion concentration in a solution increases the ion activity and the movement of the ions in solution, hence reducing the diffusion velocity of ions through the sample. On the other hand, results obtained with the addition of an electrical field in the diffusion test are not conclusive due to unexplain phenomena at this stage of experimentation. In further investigations, we are particularly interested in the identification of the electrochemical phenomena controlling the migration of ions in the electical field and the quantification of interactions of chloride ions with hydrated cement paste subjected to an electrical field; in our experiments, we propose to follow an approach similar to the method developped by BIGAS [10] .
